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LQGLDPRQGPDFKLQLQJ ,Q WKLVSDSHUQRYHOFRQFHSWV IRUEDODQFLQJRIDHURVWDWLF VSLQGOHVEDVHGRQPLFURIOXLGLFSXPSVDQGYDOYHVDUHEHLQJ
LQYHVWLJDWHG &RQYHQWLRQDO PDQXDO EDODQFLQJPHWKRGV DUH XVXDOO\ WLPHFRQVXPLQJ DQG ODFN WKH UHTXLUHG DFFXUDF\ IRU XOWUDSUHFLVLRQ +LJK
3HUIRUPDQFH&XWWLQJ+3&8VLQJUHPRWHO\FRQWUROOHGPLFURSXPSVDQGYDOYHVPLQLPXPDPRXQWVRIDIHZQDQROLWHUVRIDIOXLGHJZDWHU









'LDPRQG PDFKLQLQJ RI RSWLFDO HOHPHQWV ZLWK D VXUIDFH
URXJKQHVV EHORZ QP DQG ILJXUH DFFXUDF\ EHORZ P
UHOLHVRQPDFKLQHWRROVWKDWDUHFDSDEOHRIPHHWLQJWKHKLJKHVW
UHTXLUHPHQWV UHJDUGLQJ HJ PRWLRQ DFFXUDF\ DQG GDPSLQJ
>@$LUEHDULQJVSLQGOHVDUHPRVWFRPPRQO\XVHGIRUERWK
XOWUDSUHFLVHPLOOLQJDQG WXUQLQJRSHUDWLRQV ,QRUGHU WRDYRLG
GDPDJHVWRWKHKLJKO\VHQVLWLYHDLUEHDULQJVDQGWRDYRLGWKH
H[FLWDWLRQ RI YLEUDWLRQV WKHVH VSLQGOHV KDYH WR EH
H[FHSWLRQDOO\ ZHOO EDODQFHG >@ :KLOH EDODQFLQJ GRHV QRW
KDYHDPDMRULQIOXHQFHRQVXUIDFHTXDOLW\DQGIRUPDFFXUDF\
LQ FRQYHQWLRQDO PDFKLQLQJ >@ LW KDV EHHQ SURYHQ WKDW
XQEDODQFHLQGXFHG YLEUDWLRQV KDV D PHDVXUDEOH HIIHFW LQ
XOWUDSUHFLVLRQPDFKLQLQJ>@
+LJK VHWXS DQG PDFKLQLQJ WLPHV PDNH XOWUDSUHFLVLRQ
PDFKLQLQJ DQ RYHUDOO WLPHFRQVXPLQJ SURFHVV 5HFHQW
UHVHDUFK DLPV DW UHGXFLQJ PDFKLQLQJ DQG VHWXS WLPHV RQ
ZKLFKEDODQFLQJKDVDFRQVLGHUDEOHLPSDFW)LUVWO\EDODQFLQJ
RI DLU EHDULQJ VSLQGOHV LV XVXDOO\ FDUULHG RXW PDQXDOO\ DQG
UHTXLUHV PXOWLSOH LWHUDWLRQV ZKLFK LV LQHIILFLHQW >@ 'XH WR
WKH KLJK UHTXLUHPHQWV UHJDUGLQJ EDODQFH TXDOLW\ FRXQWHU
EDODQFHZHLJKWVLQWKHUDQJHRIDIHZPLFURJUDPVDQGEHORZ
KDYH WREH LQVWDOOHG7KH FRQYHQWLRQDO DSSURDFKRI XVLQJ VHW
VFUHZV DV FRXQWHUEDODQFHV LV WKHUHIRUH OLPLWHG LQ LWV
DFKLHYDEOHEDODQFLQJTXDOLW\7KLV LVSDUWLFXODUO\ WUXH IRU WKH
IO\FXWWLQJ SURFHVV LQ ZKLFK WKH URWDWLQJ WRRO KDV D PXFK
ODUJHU VZLQJ UDGLXV WKDQ LQ EDOOHQGPLOOLQJZKHUH DQ HTXDO
VHWVFUHZJHQHUDWHVDPXFKVPDOOHUFHQWULIXJDOIRUFHWKDQLQD
IO\FXWWLQJSURFHVV
6HFRQGO\ WKH DLP RI ORZHULQJ WKH PDQXIDFWXULQJ WLPH
UHTXLUHVKLJKHUUDWHVRIPDWHULDOUHPRYDO WKXVKLJKHUVSLQGOH
VSHHGV DUH QHFHVVDU\$V VKRZQ LQ  WKH FHQWULIXJDO IRUFH
VKRZV D TXDGUDWLF JURZWK ZLWK LQFUHDVLQJ DQJXODU YHORFLW\
'XH WR WKH IDFW WKDW EDODQFLQJ KDV WR EH FDUULHG RXW DW
RSHUDWLRQDOVSHHGVPDQXDOEDODQFLQJ LVQRWVXLWDEOH IRUKLJK
SHUIRUPDQFHFXWWLQJDSSOLFDWLRQVLQXOWUDSUHFLVLRQPDFKLQLQJ
  QUPUP)F   SZ   
$Q DXWRPDWHG EDODQFLQJ V\VWHP ZLWK WKH DELOLW\ RI
JHQHUDWLQJ ORZ FHQWULIXJDO IRUFH DOWHUDWLRQV DW RSHUDWLRQDO
VSHHGV ZRXOG SURYLGH WKH QHFHVVDU\ PHDQV IRU WKHVH
DSSOLFDWLRQV 7KHUHIRUH WZRPLFURIOXLGLF EDODQFLQJ FRQFHSWV
ZLOOEHHYDOXDWHGIRUWKHLUFDSDELOLW\WRWUDQVSRUWORZDPRXQWV
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RI IOXLGDQG WKHDSSOLFDELOLW\ LQD QRYHO LQSURFHVVEDODQFLQJ






GHWHFWHG DQG XVHG IRU WKH FDOFXODWLRQ RI UHTXLUHG
FRXQWHUEDODQFHV 7KH SULQFLSOHV IRU EDODQFLQJ RI VSLQGOHV
VKRZQLQ)LJDQG(TLQYROYHWKHDGGLWLRQUHPRYDORU
URWDU\UHGLVWULEXWLRQRIRQHRUVHYHUDOPDVVHVPLRQWKHVSLQGOH
URWRU LQ VXFK D ZD\ WKDW WKH UHVXOWDQW YHFWRU 8F RI WKH
FHQWULIXJDO IRUFHV DFWLQJ RQ WKRVH PDVVHV FRXQWHUDFWV WKH
LQLWLDOXQEDODQFH8
8UP8 LLF
&&&  ¦     
8QEDODQFH IRUFHV KDYH SURYHQ WR EH LQIOXHQWLDO RQ UDGLDO
DQGD[LDOHUURUPRWLRQVRIKLJKVSHHGDLUEHDULQJVSLQGOHV>@
1HJDWLYH HIIHFWV RI XQEDODQFH IRUFHV RQ IRUP DFFXUDF\ DQG









,QRUGHU WRGHILQH WROHUDEOHXQEDODQFHV IRUGLIIHUHQW ILHOGV
RI DSSOLFDWLRQ WKH',1 ,62 VWDQGDUGGHILQHV VHYHUDO
EDODQFHTXDOLW\JUDGHVRYHUDZLGHUDQJHRIURWDWLRQDOVSHHGV
7KH EDODQFH TXDOLW\ JUDGH UHSUHVHQWV WKH PD[LPXP
SHUPLVVLEOHDQJXODUYHORFLW\RIWKHURWRU¶VFHQWHURIPDVVHJ
YURW   PPV IRU * IRU DOO URWDWLRQDO VSHHGV 7KH
SHUPLVVLEOH VSHFLILF XQEDODQFH HS WKHQ GHSHQGV RQ WKH
URWDWLRQDOIUHTXHQF\Ȧ>@
FRQVWHY* SURW    Z    
:KLOH URWDWLRQDO VSHHGV LQ FRQYHQWLRQDO XOWUDSUHFLVLRQ
FXWWLQJ SURFHVVHV DUH LQ D UDQJH RI Q ±PLQ
XOWUDSUHFLVLRQ KLJK SHUIRUPDQFH FXWWLQJ 83+3&
DSSOLFDWLRQV DLP DW URWDWLRQDO VSHHGV ODUJHU WKDQ
Q PLQ LQRUGHUWRDFKLHYHDKLJKHUUDWHRIPDWHULDO
UHPRYDO SHU LQFUHDVHG SURGXFWLYLW\ $W DQ H[HPSODU\
URWDWLRQDOVSHHGRIQ PLQWKDWLVXVHGDVDUHIHUHQFH
IRU WKH IROORZLQJ FRQVLGHUDWLRQV WKH SHUPLVVLEOH VSHFLILF
XQEDODQFH DW WKH ORZHVW RIILFLDO ,62EDODQFLQJ TXDOLW\ JUDGH
* LVHS JāPPNJZKLFK LVFRQVLGHUHGXQVXLWDEOH
IRU83+3& DSSOLFDWLRQV ,Q FRPSDULVRQ DHURVWDWLF VSLQGOHV
DUHIDFWRU\EDODQFHGWRDJUDGHEHORZ*>@
,62 EDODQFLQJ JUDGHV GLIIHU E\ WKH IDFWRU  )ROORZLQJ
WKLV ORJLF WKH QH[W EDODQFLQJ JUDGH EHORZ * ZRXOG EH
* ZKLFK LV FORVH WR WKH IDFWRU\ EDODQFH TXDOLW\ RI DLU
EHDULQJ VSLQGOHV DQG WKHUHIRUHGHILQHG DV D UHIHUHQFH IRU WKH
DQDO\VLV RI WKH EDODQFLQJ FDSDELOLWLHV RI WKH FRQFHSWV
SUHVHQWHG LQ WKLV SDSHU )RU URWDWLRQDO VSHHGV RI
Q PLQ WKH SHUPLVVLEOH VSHFLILF XQEDODQFH IRU WKH
TXDOLW\ JUDGH * LV HS JāPPNJ $Q H[HPSODU\
FDOFXODWLRQIRUDEDODQFLQJV\VWHPZLWKDFRPSHQVDWLRQUDGLXV
RIUF PPDQGDWRWDOURWRUPDVVRIPU NJUHVXOWVLQD





PHP      
&XUUHQWO\ WKH SUHGRPLQDQW SURFHGXUH IRU EDODQFLQJ DLU
EHDULQJ VSLQGOHV LV WKH PDQXDO DGGLWLRQ RI VHW VFUHZV RI
NQRZQ ZHLJKW RQ WKH FLUFXPIHUHQFH RI WKH URWRU 6HYHUDO
EDODQFLQJ FRQFHSWV EDVHG RQ IOXLG LQMHFWLRQ RU UHGLVWULEXWLRQ
KDYH EHHQ SUHVHQWHG VRPH RI ZKLFK HYROYHG LQWR
FRPPHUFLDOO\ DYDLODEOH V\VWHPV 7KHVH FRQFHSWV LQMHFW
FRROLQJOXEULFDQWLQWRDFKDPEHUHGGLVNGXULQJRSHUDWLRQ>@
7KH\ DUH PDLQO\ GHVLJQHG IRU K\GURVWDWLF RU EDOOEHDULQJ
VSLQGOHV LQ FRQYHQWLRQDO PDFKLQLQJ SURFHVVHV ZKHUH
FRPSDUDWLYHO\ODUJHXQEDODQFHVKDYHWREHFRXQWHUDFWHG'XH
WR WKHLU ODUJH VL]H DQG ZHLJKW D OLPLWHG EDODQFLQJ SUHFLVLRQ
DQG WKH LQFDSDELOLW\ RI UHWDLQLQJ WKH EDODQFH VWDWH EHWZHHQ
RSHUDWLRQV WKHVH EDODQFLQJ V\VWHPV DUH XQVXLWDEOH IRU
GLDPRQGPDFKLQLQJDSSOLFDWLRQV
6XEWUDFWLYH IOXLGLF EDODQFLQJ PHWKRGV WKDW LQYROYH WKH
FRQWUROOHG UHOHDVH RI D IOXLG IURP D SUHILOOHG FKDPEHU LQ D
EDODQFLQJGHYLFHDWWDFKHG WR WKH VSLQGOH VR IDUKDYHPRUHRU
OHVV EHHQ QHJOHFWHG ERWK LQ FRQYHQWLRQDO DQG XOWUDSUHFLVLRQ
PDFKLQLQJ+RZHYHU WKH HPHUJHQFH RIPLFURIOXLGLF GHYLFHV
ZLWK UHDVRQDEOH GLPHQVLRQV DQG H[WUHPHO\ ORZ IORZ UDWHV
DOORZ IRU D QHZ DSSURDFK WRZDUGV XOWUDSUHFLVH EDODQFLQJ RI
DLUEHDULQJVSLQGOHVXVLQJDVXEWUDFWLYHSULQFLSOH
7KH PDLQ SHUIRUPDQFH IDFWRU RI VXFK D V\VWHP EDVHG RQ
IOXLGLFV LV WKH PLQLPXP DPRXQW RI IOXLG WKDW FDQ EH
WUDQVSRUWHG GHWHUPLQLQJ WKH WKHRUHWLFDOO\ DFKLHYDEOH EDODQFH
TXDOLW\ JUDGH 7R WKHRUHWLFDOO\ DFKLHYH * XQGHU WKH
DIRUHPHQWLRQHG H[HPSODU\ FRQGLWLRQV WKH KDQGOHG IOXLGLF
PDVV KDV WR EH VLJQLILFDQWO\ ORZHU WKDQ WKH WROHUDEOH
XQEDODQFH PDVV RI PJ $ PLFURIOXLGLF SXPS DQG D
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0LFURIOXLGLFEDODQFLQJFRQFHSWV
$VFKHPHRIWKHZRUNLQJSULQFLSOHVRIWKHWZRPLFURIOXLGLF
GHYLFHV WREH LQWHJUDWHG LQ DQ LQSURFHVVEDODQFLQJGHYLFH LV
GLVSOD\HG LQ )LJ 7KH WKHRUHWLFDOO\ DFKLHYDEOH DFFXUDF\ RI
WKHWZREDODQFLQJFRQFHSWVVKDOOEHGHWHUPLQHGE\PHDVXULQJ
WKHPLQLPDO DPRXQW RI WUDQVSRUWDEOH IOXLG IRU HDFK DFWXDWRU






















7KH PLFURSXPS LV GULYHQ E\ D SLH]RHOHFWULF PHPEUDQH
7KH VWURNH KHLJKW RI WKH PHPEUDQH DQG WKH SXPSLQJ
IUHTXHQF\GHWHUPLQHWKHWUDQVSRUWHGDPRXQWRIIOXLGSHUSXPS
VWURNH DQG FDQ EH DGMXVWHG E\ YDU\LQJ WKH DPSOLWXGH RU WKH
IUHTXHQF\ RI WKH DOWHUQDWLQJ FXUUHQW ,Q FRPSDULVRQ WKH
PLFURIOXLGLFYDOYHXVHVDQHOHFWURPDJQHWZKLFKLVGULYHQE\D
GLUHFWFXUUHQWDQGDOORZVIRUSURJUDPPDEOHRSHQLQJWLPHVRI
WKH YDOYH:LWK WKH DELOLW\ RI GHILQLQJ WKH RSHQLQJ GXUDWLRQ
GLIIHUHQWDPRXQWVRIIOXLGFDQEHUHOHDVHGIURPDIOXLGWDQN
7R HYDOXDWH WKH WUDQVSRUWHG IOXLGLFPDVV WKHPLFURIOXLGLF
SXPSDQGYDOYHDUHXVHGWRWUDQVSRUWWKHIOXLGLQWRDFRQWDLQHU
SODFHG RQ D SUHFLVLRQ VFDOH )RU WKH H[SHULPHQWDO VHWXS WKH
PLFURIOXLGLFYDOYH)LJDLVFRQQHFWHGWRDIOXLGILOOHGWXEH
ZLWK DSSOLHG DLU SUHVVXUH RI PD[EDU WR VLPXODWH D






GLIIHUHQW VXSSO\ YROWDJHV DQG SXPSLQJ IUHTXHQFLHV RI WKH
PLFURSXPSDUH VKRZQLQ)LJ7KHPHDVXUHPHQWVVKRZDQ
H[SRQHQWLDO GHFUHDVH RI WKH WUDQVSRUWHG DPRXQW RI IOXLG SHU
SXPSLQJ VWURNH ZLWK LQFUHDVLQJ SXPSLQJ IUHTXHQF\ $
SXPSLQJIUHTXHQF\RI+]UHVXOWVLQSXPSHGIOXLGLFPDVV
SHU VWURNH RI PJ IRU 9SS XS WR PJ IRU 9SS
:LWK LQFUHDVLQJ SXPSLQJ IUHTXHQF\ WKH LQIOXHQFH RI WKH
VXSSO\ YROWDJH RQ WKH WUDQVSRUWHGPDVV GHFUHDVHV+RZHYHU
ZLWK D QHDUO\ GRXEOHG RU WULSOHG VXSSO\ YROWDJH WKH
WUDQVSRUWHG IOXLG PDVV LQFUHDVHV IURP PJ IRU D VXSSO\









EDU :LWK D UHOHDVH WLPH RI PV DQG PV WKH
WUDQVSRUWHG IOXLG YDULHV IURP PLQLPDO PJ WR PD[LPDO
PJ GHSHQGLQJ RQ WKH DSSOLHG SUHVVXUH ,QFUHDVLQJ WKH
UHOHDVH WLPH GRHV QRW UHVXOW LQ D SURSRWLRQDO LQFUHDVH RI
WUDQVSRUWHG IOXLGLFPDVV IRU WKHVH WZR VKRUWHVW UHOHDVH WLPHV
DSSOLHG+RZHYHU D VLJQLILFDQWO\GHSHQGHQF\FDQEH VHHQ LQ
WKHPHDVXUHPHQWVZLWKDUHOHDVHWLPHEHWZHHQPVDQGPV
$Q LQFUHDVH RI WKH UHOHDVH WLPH UHVXOWV LQ D QHDU SURSRWLRQDO
LQFUHDVH RI WKH WUDQVSRUWHG IOXLG PDVV )XUWKHUPRUH WKH
SUHVVXUH LQIOXHQFH GHFUHDVHV ZLWK DQ LQFUHDVLQJ SUHVVXUH RI
EDUWREDUIRUHYHU\WHVWHGUHOHDVHWLPH
7KH UHVXOWV VKRZ WKDW ERWK FRQFHSWV KDYH WKH SRWHQWLDO WR
DFKLHYH WKH UHTXLUHG EDODQFLQJ JUDGH RI * 7KH
PLFURIOXLGLFSXPSDQG WKHPLFURIOXLGLF YDOYH DUHJHQHUDWLQJ
PLQLPDO IOXLGLF DPRXQWV LQ WKH UDQJH RI PJ
+RZHYHUEHFDXVHRILWVZRUNLQJPHFKDQLVPWKHPLFURIOXLGLF
YDOYH LV PRUH DSSURSULDWH WKDQ WKH SLH]R SXPS $V WKH
PDFKLQLQJWLPHRIXOWUDSUHFLVHSDUWVPD\WDNHVHYHUDOKRXUVWR
VHYHUDO GD\V LW LV PDQGDWRU\ WKDW WKH EDODQFLQJ VWDWH LV
PDLQWDLQHG GXULQJ RSHUDWLQJ WLPH 7KH IOXLGLF V\VWHP
















































)XUWKHUPRUH WKH SLH]R SXPS ZDV GULYHQ ZLWKRXW DQ\
DSSOLHGSUHVVXUHRQWKHLQOHW LQWKHH[HFXWHGH[SHULPHQWV$V
WKH SXPS GRHV QRW SURYLGH D EORFNLQJ PHFKDQLVP ZLWK D
ZRUNLQJ FHQWULIXJDO IRUFH RQ WKH IOXLG VXUIDFH LQ D URWDWLQJ
EDODQFLQJGHYLFHWKHSLH]RSXPSZRXOGKDYHWREHDOLJQHGDV
VKRZQ LQ )LJ  E WR DYRLG D IOXLG OHDNDJH LQGXFHG E\ WKH
FHQWULIXJDO IRUFH ,W IXUWKHUPRUH FDQQRW EH H[FOXGHG WKDW WKH
JLYHQGHVLJQJHQHUDWHVD VXFWLRQHIIHFWRQFH IOXLG LVSXPSHG
RXWZDUGV 7KH PLFURYDOYH RQ WKH RWKHU KDQG SURYLGHV D
EORFNLQJ PHFKDQLVP WKDW LV DPSIOLILHG ZLWK DQ LQFUHDVLQJ






7KH EDODQFLQJ RI DHURVWDWLF VSLQGOHV IRU KLJK VSHHG
DSSOLFDWLRQV UHTXLUHV D SUHFLVH DGGLWLRQ UHPRYDO RU
UHGLVWULEXWLRQ RI PDVVHV ,W KDV EHHQ VKRZQ WKDW D IOXLGLF
EDODQFLQJ FRQFHSWZLWKPLFURIOXLGLF YDOYHVRU SXPSV LV DEOH
WR IXOILO WKH UHTXLUHPHQWV IRU D SUHFLVH EDODQFLQJ SURFHVV RQ
WKH EDODQFH TXDOLW\ JUDGH* 7KHUHIRU WKH PLFURIOXLGLF
SXPSDQGYDOYHZHUHDQDO\VHGIRUWKHLUSRWHQWLDOWRJHQHUDWHD
IOXLGLFPDVVWUDQVSRUWORZHUWKDQPJ
7KH DFFRPSOLVKHG VWDWLF WHVWV DUH D ILUVW DSSURDFK WR D
VXLWDEOH EDODQFLQJ V\VWHP IRU XOWUDSUHFLVLRQ PDFKLQLQJ
)XUWKHUVWHSVVXFKDVLQWHJUDWLQJWKHZRUNLQJSULQFLSOHLQWRD
G\QDPLF URWDWLQJ GHYLFH KDYH WR EH WDNHQ WR DQDO\VH WKH
FDSDELOLW\XQGHUUHDOLVWLFFRQGLWLRQV$GGLWLRQDOO\WKHOHDNDJH
RI WKH IOXLGLF EDODQFLQJ V\VWHP KDV WR EH DQDO\VHG LQ ORQJ
WLPH H[SHULPHQWV$IWHU WKDW WKH V\VWHPZLOO EH H[WHQGHG WR
DQ DXWRPDWHG EDODQFLQJ GHYLFH IRU DLUEHDULQJ VSLQGOHV LQ
XOWUDSUHFLVLRQ KLJK VSHHG DSSOLFDWLRQV 7KHUHIRUH WKH
HOHFWURQLF V\VWHP LQFOXGLQJ UDGLR FRPPXQLFDWLRQ DQG SRZHU




7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ ')* IRU IXQGLQJ WKLV ZRUN DV SDUW RI WKH
VXESURMHFW ³%DODQFLQJ RI VSLQGOHV IRU XOWUDSUHFLVLRQ KLJK





>@ 'H &KLIIUH / .XQ]PDQ + 3HJJV *1 /XFFD '$ 6XUIDFHV LQ
3UHFLVLRQ(QJLQHHULQJ0LFURHQJLQHHULQJDQG1DQRWHFKQRORJ\,Q&,53
$QQDOV±0DQXIDFWXULQJ7HFKQRORJ\9RO,VV±
>@'\HU 6:$O5HJLE ( , (IIHFWV RI DFWLYH EDODQFLQJ RQKLJKVSHHG
PLOOLQJ SUHFLVLRQ ,Q 3URFHHGLQJV RI WKH $63( ± $QQXDO 0HHWLQJ
0RQWHUH\&$86$
>@ 6FKXO] +:U] 7 %DODQFLQJ 5HTXLUHPHQWV IRU )DVW 5RWDWLQJ 7RROV
DQG 6SLQGOH 6\VWHPV ,Q &,53 $QQDOV ± 0DQXIDFWXULQJ 7HFKQRORJ\
9RO,VV±
>@ 7DXKLGX]]DPDQ 0<LS $9HOGKXLV 6& )RUP HUURU LQ GLDPRQG
WXUQLQJ3UHFLVLRQ(QJLQHHULQJ9RO±
>@0RRQ-'.LP%6/HH6+'HYHORSPHQWRIWKHDFWLYHEDODQFLQJ




7KH ,PSRUWDQFH RI 6SLQGOH %DODQFLQJ IRU WKH 0DFKLQLQJ RI )UHHIRUP
2SWLFV$63(6SULQJ7RSLFDO0HHWLQJSS&KDUORWWH1&86$

>@ ,62 (0HFKDQLFDO YLEUDWLRQ² %DODQFH TXDOLW\ UHTXLUH
PHQWV IRU URWRUV LQ D FRQVWDQW ULJLG VWDWH  3DUW  6SHFLILFDWLRQ DQG
YHULILFDWLRQRIEDODQFHWROHUDQFHV6HFRQG(GLWLRQ6ZLW]HUODQG
>@/HYLFURQ*PE+%DODQFLQJWHFKQLTXHV±$QHZGLPHQVLRQLQEDODQFLQJ
WRRO KROGHUV ZLWK /HYLFURQ¶V DLU EHDULQJ DQG EDODQFLQJ WHFKQRORJ\
,Q1HZVOHWWHU*HUPDQ\
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